Introduction: PMMA bones cements are used routinely to fix implants to bone. The interface between cement and bone is relied on for fixation and it is well recognized that there is a biologic response to the presence of PMMA. Bleeding of the bone bed during the arthroplasty procedure, thermal necrosis from the polymerization process, and bone remodeling has been described as factors affecting the integrity of the cement-bone interface. While substantial efforts have been made to understand the mechanical characteristics of the cement-bone interface from labprepared specimens there is actually very little understanding of the mechanics of cement-bone interfaces that have been in service.
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The goal of the present study was to determine the micro-mechanics of small samples of post-mortem retrieved cement-bone specimens. We hypothesized that post-mortem retrieved specimens would be weaker and less stiff than lab-prepared specimens. We further hypothesized that the interface morphology could be used to estimate the strength of the interface.
Methods: Proximal femurs with cemented hip replacement retrievals (n=8) were obtained en bloc from the Anatomical Donor Programs at SUNY Upstate and Univ Alabama-Birmingham. The number of years in service ranged from 0.2 to 14 years (mean 5.5±4.6 yrs) with subject age at death from 67 to 92 years (mean 82±8 yrs). The cemented implants containing stem, cement, and bone were sectioned transversely in 10mm intervals using a water irrigated high-speed saw. To stabilize the cementbone interface before further cutting, a Plexiglas side-plate was attached between the cement and bone. Cuboid specimens containing the bone and cement with 4mm x 8mm cross sections were created. Prior to testing, specimens were micro-CT scanned at 12 micron resolution to document cement-bone morphology. CT-based stereology was used to document the cement-bone contact fraction and intersection fraction. The contact fraction was a measure of the apposition between cement and bone while the intersection fraction was a measure of the interlock.
A digital image correlation technique [1] was used to measure interface motion between the cement and bone during uni-axial tensioncompression loading of the cement bone specimens. Three test sequences were performed: (1) Initial tension and compressive stiffness measured using excursions of ±10 microns; (2) mechanical response to 0.5 MPa compression; (3) tension test to failure. A total of 49 specimens were tested from the eight donor bones. For comparison purposes, results from a previous study [1] using laboratory prepared cemented femoral constructs were included (n=21).
Results: As a group, the post-mortem retrieved specimens were much less stiff and had lower tensile strength when compared to lab-prepared specimens (Table 1 , all p<0.0001, t-test with Bonferroni correction). The contact fraction between cement and bone as well as the intersection fraction were also much lower for the post-mortem retrievals. Combining groups, there was a positive correlation between interface stiffness and tensile strength (r 2 =0.86) indicating that specimens with less motion at the contact interface between cement and bone resulted in higher strength (Fig 1) . Specimens with greater contact fraction (r 2 =0.74, Fig 2) and greater number of cement-bone intersections (r 2 =0.59) had higher interface strengths. When comparing donor with interface strength, there was no correlation (r 2 =0.09) between years of service and interface strength. However, there was an negative correlation between donor age and interface strength (r 2 =0.75); younger donor bones had stronger interfaces. Discussion: There are likely several factors that contribute to the weaker interfaces found with the post-mortem retrievals. First, there was clear evidence (e.g. Fig 3) of bony remodeling at the interface between cement and bone for many of the specimens. This occurred as resorption of bone trabeculae from the cement and through apparent endosteal expansion (aging?) resulting in fibrous tissue inter-position. Also, it is not clear that all the post-mortem retrievals were pressurized as well as can be achieved in the lab; there was some indication of venous bleeding at the interface during cementing and/or polymerization shrinkage of the PMMA away from the bone in some of the short-term retrievals (0.2 and 0.9 yrs). While this was a random sample (n=8) of donor bones and the clinical cementing technique was not controlled, it is clear that these interfaces are very compliant and often have limited capacity to support tensile loads. Res, 26(6):872-9, 2008. 
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